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Abstract

Mice deficient in GATA-1 or NF-E2, transcription factors required for normal megakaryocyte
(MK) development, have increased numbers of MKs, reduced numbers of platelets, and a striking
high bone mass phenotype. Here, we show the bone geometry, microarchitecture, biomechanical,
biochemical, and mineral properties from these mutant mice. We found that the outer geometry of
the mutant bones was similar to controls, but that both mutants had a striking increase in total
bone area (up to a 35% increase) and trabecular bone area (up to a 19% increase). Interestingly,
only the NF-E2 deficient mice had a significant increase in cortical bone area (21%) and cortical
thickness (27%), which is consistent with the increase in bone mineral density (BMD) seen only in
the NF-E2 deficient femurs. Both mutant femurs exhibited significant increases in several
biomechanical properties including peak load (up to a 32% increase) and stiffness (up to a 13%
increase). Importantly, the data also demonstrate differences between the two mutant mice.
GATA-1 deficient femurs break in a ductile manner, whereas NF-E2 deficient femurs are brittle in
nature. To better understand these differences, we examined the mineral properties of these bones.
Although none of the parameters measured were different between the NF-E2 deficient and
control mice, an increase in calcium (21%) and an increase in the mineral/matrix ratio (32%) was
observed in GATA-1 deficient mice. These findings appear to contradict biomechanical findings,
suggesting the need for further research into the mechanisms by which GATA-1 and NF-E2
deficiency alter the material properties of bone.
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The molecular dissection of MK differentiation has been facilitated by the identification of
transcription factors required for the cell to advance from stage to stage. Loss of these
specific transcription factors arrests MK maturation at the latest stage of development prior
to platelet formation. GATA-1 and NF-E2 are transcription factors which are restricted to
cells in the hematopoietic lineage and are required for normal MK development. Mice
deficient in either GATA-1 or NF-E2 develop a phenotype characterized by a marked
increase in abnormal, immature MKs with a concomitant reduction in or absence of platelets
(Shivdasani et al., 1995, 1997). Interestingly, these mice also develop a high bone mass
phenotype with a greater than twofold increase in osteoblast (OB) number and trabecular
bone volume (Kacena et al., 2004a, 2005). The similar phenotype, including the elevated
numbers of OBs and MKs in both GATA-1 and NF-E2 deficient mice, led us to examine the
potential interaction between OBs and MKs. In previous studies, we demonstrated that MKs
stimulate OB proliferation (three- to six-fold) by a direct cell-to-cell contact mechanism
(Kacena et al., 2004a; Ciovacco et al., 2009, 2010). These data suggest that the signaling
mechanisms responsible for MK-induced anabolic bone formation may be a potential target
for therapeutic treatment of bone loss diseases such as osteoporosis.

Because osteoporosis is a common age-related disease characterized by a decrease in bone
mass and altered bone geometry, microarchitecture, and quality, it is important to examine
not only bone volume in genetically altered mice, but also these other properties that
influence bone fragility. Therefore, in the current study, we evaluated the geometry,
microarchitecture, biomechanical properties, biochemical properties, and mineralization
properties of bones from GATA-1 and NF-E2 deficient mice and their respective controls.

Materials and Methods

Mice

For these studies 5-month-old female mice were utilized. Generation and breeding of mutant
mice with selective loss of NF-E2 or of MK-expressed GATA-1 were described previously
(Shivdasani et al., 1995, 1997; McDevitt et al., 1997). In brief, a DNAse I-hypersensitive
region (HS) was identified upstream of the GATA-1 promoter and was subsequently
knocked-out by insertion of a neomycin-resistant cassette. This resulted in mice with
reduced levels of GATA-1 mRNA and protein (three- to fivefold reduction in protein), a
functional knock-down (McDevitt et al., 1997). GATA-1 deficient mice are maintained on
the C57BL/6 background.

Generation and breeding of p45 NF-E2 deficient mice were described previously
(Shivdasani et al., 1995). Briefly, to inactivate the p 45 NF-E2 gene, a PGK-neo cassette
(NeoR) was inserted into the unique Sall site upstream of the bZip encoding region
(Shivdasani et al., 1995). The p45 NF-E2 deficient mice are maintained on the inbred
129/Sv genetic background.

All animal studies were performed with the approval of the Yale University IACUC and
were conducted in accordance with the NIH guidelines.
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Femurs were evaluated using a desktop micro-computerized tomographic (UCT) imaging
system (UCT20, Scanco Medical AG, Brittisellen; Ruegsegger et al., 1996). The entire
femur was scanned using a 34-um slice increment, requiring approximately 100-150 uCT
slices per specimen. Images were reconstructed, filtered, and appropriate thresholds were
applied (Alexander et al., 2001). Morphometric parameters were computed using a direct 3D
approach that does not rely on any assumptions about the underlying bone structure
(Hildebrand et al., 1999).

Microarchitecture analysis

Tibiae were fixed in 10% neutral-buffered formalin, dehydrated, and embedded in
methylmethacrylate before being sectioned and stained with toluidine blue (Baron et al.,
1984; Kacena et al., 2004b). Histomorphometric parameters (Parfitt et al., 1987) were
analyzed by Osteomeasure software (Osteometrics, Decatur, GA).

Biomechanical testing

Three-point bending was used to assess biomechanical properties of the femur as previously
described (Pearsall et al., 2008). Load was applied at a constant rate until failure (0.05 mm/
sec). The peak load (N), bending stiffness (N/mm), and maximum stress (MPa) were
determined.

Bone mineral density (BMD)

Whole body and femoral BMD (g/cm?) was measured in vivo prior to sacrifice by peripheral
DEXA (PIXImus, GE Lunar, Madison, WI).

Bone ashing

Tibiae were dissected and scraped free of muscle and soft tissue. Bones were washed in ice-
cold water and the marrow flushed. Bones were lyophilized and then the bones of individual
mice were pulverized by hand using a mortar and pestle. Dry weights were determined after
heating at 100°C to constant weight. The bone powder was ashed in acid-washed crucibles
at 600°C for 14h to constant weight. Bone ash (0.2-0.6 mg of bone powder) was dissolved
in 0.5N HCI and the amount of calcium and inorganic phosphate was measured
colorimetrically using a commercially available kit (Sigma, St. Louis, MO).

Fourier transform infrared imaging (FTIRI)

Tibiae were fixed in 90% ETOH and processed in methylmethacrylate (MMA) as previously
described (Kacena et al., 2004b). Tibiae were sectioned on a Zeiss microtome at 2 um thick
and were examined by FTIRI using the Perkin EImer Spotlight Imaging system (Perkin
Elmer Instruments, Shelton, CT). The spectral resolution was either 4 or 16 cm~2, and areas
encompassing the region of the bone in question (~400 x 400 pm?2) were examined. The
spatial resolution was ~7 pm. Spectra were transferred to yield images corresponding to
infrared band areas, peak height ratios, and integrated area ratios by a combination of
instrument software and ISYS Chemical Imaging Software (v 2.1; Spectral Dimensions,
Olney, MD, Marcott et al., 1998; Mendelsohn et al., 1999). Background spectra were
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collected under identical conditions from the same BaF, windows. IR data of three areas per
anatomical bone site at primary spongiosa, secondary spongiosa, and cortex were collected.
After acquisition, spectra were truncated to allow analysis of the spectral data of interest and
zero-corrected for the baseline, and the spectral contribution of PMMA embedding media
was subtracted using ISYS software. Three spectroscopic parameters were calculated:
mineral-to-matrix ratio, crystallinity, and collagen cross-link ratio (XLR). The mineral-to-
matrix ratio (v1, v3 PO, band [900-1,200cm™1]/amide I band [1,590-1,720cm™1] integrated
areas ratio) is a measure that corresponds to ash weight measurements (Boskey et al., 1992).
Mineral crystallinity is a parameter that corresponds to the crystallite size and perfection as
determined by X-ray diffraction, and it was calculated from the intensity ratios of subbands
at 1,030 (stoichiometric apatite) and 1,020 cm™1 (nonstoichiometric apatite). XLR is a
parameter reflecting the relative ratio of nonreducible and reducible collagen cross-links,
expressed as the absorbance ratio at two specific wavenumbers (1,660 and 1,690 cm™;
Paschalis et al., 2001). Details for the spectral processing methods and reproducibility of
measurements are published elsewhere (Boskey et al., 1992; Marcott et al., 1998;
Mendelsohn et al., 1999, 2000; Paschalis et al., 2001). In the spectral images, pixels devoid
of bone (no mineral and/or matrix spectral signature) were set equal to zero and masked to
be excluded from calculations. The spectroscopic results were expressed as histograms
describing the pixel distribution of the three parameters above, mean values and standard
deviations (SDs) of the pixel distribution, and corresponding color-coded images were
generated at the same time by ISYS. Means and SDs were averaged for multiple sites in
each animal and among five different animals for each age and genotype using Microsoft
EXCEL.

X-ray crystallography

To identify the mineral crystal composition of GATA-1 deficient and counterpart control
mouse bones, specimens were prepared for X-ray crystallographic analysis. The proximal
and distal ends and midshafts of the femurs and tibiae from one GATA-1 deficient and one
control mouse were dissected and separately lyophilized and ground to a powder with a
mortar and pestle following the procedure described above for bone ashing. Bone powder
obtained was packed into individual 1-mm diameter glass capillaries, which were then
sealed and examined in a Brucker D-8 Advance powder Debye-Scherrer X-ray
diffractometer with Cu Ka radiation. Scans were carried out for 24 h at 25°C in steps of
0.007° with a step time of 5 sec and 26 range of 0-90°. Diffractograms were qualitatively
examined and interpreted by comparison with Joint Committee on Powder Diffraction
Standards (JCPDS) computerized files, including a representative inorganic hydroxyapatite.
Width measurement at half maximum intensity of the 002 spectral reflection of apatite (20—
26°) was utilized as a correlate of average crystal size of the respective powders (Prieto-
Castello et al., 2007). An independent samples two-tailed T-test was used for statistical
analysis of resulting data (IBM SPSS Statistics, version 20, Armonk, NY). Statistical
significance was considered as P < 0.05.

Statistical testing

Unless otherwise noted, comparisons between control and mutant mice were made using
analysis of variance (ANOVA). Post hoc comparisons between groups were accomplished
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using a Fisher's protected least significant difference (PLSD) test or Student's t-test.
Differences were considered significant at P < 0.05. Data are presented as mean + SEM,
unless indicated otherwise.

Results

Body weight and femur geometry

As summarized in Table 1, the average body weight for GATA-1 deficient mice was 25.4 +
0.5 g, which was not significantly different from controls (25.4 + 1.0 g). The average body
weight for NF-E2 deficient mice was 24.0 + 0.8 g, which was also not significantly different
from their respective controls (23.6 + 0.8 g).

With regard to femur geometry, there was no significant difference between mutant mice
and their respective controls in terms of femur length (Table 1) or total cross-sectional area
at the midshaft (Table 1 and Fig. 1A). However, as demonstrated in Figure 1B, there was a
significant increase in bone area (BA, cortical bone + trabecular bone) in both mutant
strains. The GATA-1 deficient mice had a 25.5% increase in BA (P < 0.0001) compared to
controls, while the NF-E2 deficient mice realized a 34.8% increase in BA (P < 0.0001).
With regard to trabecular bone area, GATA-1 deficient mice exhibited an 18.6% increase
compared to controls (P < 0.0001) and NF-E2 deficient mice exhibited an 11.3% increase
compared to controls (P = 0.01).

Interestingly, as shown in Figure 1C, although both mutant mice exhibited a striking
increase in total bone area and trabecular bone area, cortical bone area was virtually
identical between GATA-1 deficient mice and their controls, whereas in NF-E2 deficient
mice, cortical bone area was significantly increased 20.7% (P = 0.0002). As demonstrated in
Figure 1D, there was no significant difference in cortical thickness between GATA-1
deficient mice and controls; however, NF-E2 deficient mice displayed a 27.2% increase in
cortical thickness compared to control mice (P = 0.0001).

Microarchitecture

With regard to microarchitecture, as summarized in Table 2, the trabecular bone volume was
significantly increased 250% in GATA-1 (P = 0.001) and 127% in NF-E2 (P = 0.001)
deficient mice compared to their respective controls. Trabecular number (Th.N) was also
significantly increased 206% in GATA-1 (P = 0.002) and 120% in NF-E2 (P < 0.0001)
deficient mice. Because there was no difference in trabecular thickness (Th.Th), as would be
expected, trabecular spacing (Th.Sp) was significantly reduced in both GATA-1 (P = 0.03)
and NF-E2 (P = 0.03) deficient mice.

Femur biomechanical properties

As described above, the outer femur geometry was not different between mutant and control
mice (length and total cross-sectional area). With a similar outer geometry but a striking
increase in bone area, it would be predicted that the bones would be stronger and stiffer.
This result was observed in both mutant mice (Fig. 2A,B). The GATA-1 deficient mice were
20.1% stronger than controls (P = 0.002) and the NF-E2 mice were 32.2% stronger (P <
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0.0001) as determined by examining the peak load. Similarly, the GATA-1 deficient mice
were 10.7% stiffer than controls (P = 0.005) and the NF-E2 deficient mice were 13.3%
stiffer (P = 0.001). Even after correcting for geometry (maximum stress/ultimate strength),
NF-E2 deficient femurs were still stronger and stiffer than controls, whereas GATA-1
deficient femurs were not (Fig. 2C).

The load versus deflection curve (Fig. 3) highlights another apparent difference between
GATA-1 deficient and NF-E2 deficient bones. GATA-1 deficient femurs were more ductile,
whereas NF-E2 deficient femurs were more brittle. Interestingly for NF-E2 deficient femurs,
the load at yield, peak, and failure/break was essentially identical (~34N), a result
highlighting the brittle nature of these bones.

As illustrated in Figure 4, there was no detectable difference in whole body BMD when the
mutant mice were compared to their respective controls. There was also no significant
difference in the femoral BMD between GATA-1 deficient mice and controls. However,
there was a significant 17.7% increase in BMD in the femur of NF-E2 deficient mice (P =
0.006). The increase seen with NF-E2 deficiency was consistent with the increase in cortical
bone area and cortical thickness.

Biochemistry and mineral properties

Table 3 summarizes the biochemical properties (ashed calcium and phosphate ratios) and
mineral properties (mineral/matrix, carbonate/matrix, crosslinks, and crystallinity) in mutant
and control bones. For all the parameters examined there was no significant difference
between NF-E2 deficient and control bones. However with GATA-1 deficiency, there was a
significant 20.8% increase in calcium (P < 0.0001), resulting in a significant increase in the
calcium/phosphate ratio. In addition, percent ash was increased 9.8% with GATA-1
deficiency (P = 0.007) compared to controls, whereas percent ash was similar between NF-
E2 deficient and control bones. Consistent with the percent ash, the mineral/matrix ratio was
also significantly elevated 32.4% in GATA-1 deficient mice (P = 0.02) but was similar
between NF-E2 deficient and control mice.

As no differences in biochemical and mineral properties were observed between NF-E2 and
control mouse bones, to understand further what was occurring in GATA-1 deficient bones
we performed X-ray crystallography. Representative X-ray diffraction patterns of the
mineral from lyophilized and powdered tibial midshafts of a GATA-1 deficient and control
mouse are shown in Figure 5. The X-ray diffraction pattern from a synthetic inorganic
hydroxyapatite of defined composition and high crystallinity is presented as a reference
standard in each figure. Comparison of the individual patterns demonstrates that these two
bone powders have diffraction reflections that correspond very closely to each other in their
20 angle and to those of the synthetic hydroxyapatite. The bone powder diffraction peaks are
also broader than those of the standard. These same diffraction characteristics are found for
the mineral from the end regions and midshafts from all other tibiae and femurs of the
GATA-1 deficient and control mice. On the basis of diffraction reflections, then, powders
from the bone mineral of all mice are effectively indistinguishable. The synthetic
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hydroxyapatite standard has direct 20 correlation with the spectra from all powdered
samples, a result indicating the bone mineral is also apatitic. Broadening of individual peaks
of the powders defines the mineral as poorly crystalline compared to the highly crystalline
nature of the standard.

Table 4 presents measurements of half maximum intensity peak widths of the apatite 002
reflections of individual bone powder specimens. Statistical analysis shows that the data are
not significantly different (P = 0.157) when comparing all GATA-1 deficient bone samples
with their counterpart controls (Table 4). In addition, there is no significant difference (data
not shown) on comparing GATA-1 deficient and control femurs only (P = 0.117), GATA-1
deficient and control tibiae only (P = 0.767), all femurs and all tibiae (P = 0.417), GATA-1
deficient femurs and GATA-1 deficient tibiae (P = 0.287), control femurs and control tibiae
(P =0.136), GATA-1 deficient proximal and distal bone ends and control counterparts (P =
0.337), and GATA-1 deficient midshafts and control midshafts (P = 0.281).

Discussion

Because of the massive bone formation seen in GATA-1 and NF-E2 deficiency, it was
important to characterize further the impact of these transcription factors on bone fragility.
To this end we evaluated bone geometry and microarchitecture as well as biomechanical,
biochemical, and mineralization properties for GATA-1 and NF-E2 deficient mice and their
respective controls.

As detailed in Table 1 and Figure 1, the bone dimensions in mutant femurs are similar to
those measured in controls. However, the total bone area and trabecular bone area are
increased in both mutant femurs. An increase in bone area while the outer bone geometry
remains unchanged would suggest that the bones would be stronger and stiffer. This precise
result was found (Fig. 2). Although at first glance it appears that femurs from GATA-1
deficient mice are behaving in a manner similar to femurs from NF-E2 deficient mice, it
becomes evident that distinct differences exist between these respective bones.

While the bone area is increased in both mutant femurs, only NF-E2 deficient femurs exhibit
an increase in cortical bone area and cortical thickness. This difference explains why the
femoral BMD is increased in NF-E2 deficiency but not in GATA-1 deficiency (Fig. 4).
Importantly, whole body BMD is not elevated in either mutant, a result likely owing to the
previously documented site-specific increase in bone volume (Kacena et al., 2005).
Interestingly, even after correcting for differences in geometry, our data also suggest that
NF-E2 deficient femurs are stronger and stiffer than control femurs (maximum stress/
ultimate strength). Such a result is likely attributable to the significant increase in cortical
bone as it is well understood that the majority of the strength of a bone derives from its
cortical component.

With regard to trabecular bone and microarchitecture, we find that, although both GATA-1
and NF-E2 deficient bones have a significant increase in trabecular bone, the increase is
more pronounced with GATA-1 deficiency. As demonstrated in Table 2, the trabecular
number is increased 206% with GATA-1 deficiency, whereas trabecular number is increased
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120% with NF-E2 deficiency. It should be noted that these data were measured near the
proximal end of the tibia. As we previously reported, the trabecular bone for the entire
medullary canal (as assessed by uCT) was increased 150-fold with GATA-1 deficiency and
20-fold with NF-E2 deficiency (Kacena et al., 2004a). The striking increase in trabecular
bone throughout the medullary canal is not usually observed and contributes to the increased
strength of the bone.

Another striking difference between the biomechanical behavior of GATA-1 and NF-E2
deficient femurs is their energy absorbed to failure and their post-yield displacement. As
depicted in Figure 3, these data suggest that NF-E2 femurs are more brittle and GATA-1
femurs are more ductile. Thus, we attempted to understand more completely the differences
seen in post-yield energy and displacement. Because such differences can be explained by
alterations in mineralization, we determined the calcium and phosphate ratios in ashed bones
and we utilized FTIRI to examine the mineral properties of the bones.

As summarized in Table 3, no differences were observed between NF-E2 deficient and
control mice in terms of calcium and phosphate ratios or FTIRI measurements. However,
bones from GATA-1 deficient mice had higher levels of calcium and an increased mineral/
matrix ratio. This finding is contrary to what we would expect given the biomechanical
properties of the bones. We would predict that the brittle NF-E2 deficient bones would have
a higher mineral/matrix ratio and/or altered mineral properties such as an altered calcium/
phosphate ratio. We would also predict that the GATA-1 deficient bones would be
undermineralized, a feature that would be consistent with the observed ductility. These
seemingly contradictory findings suggest that further work is needed to explain the observed
differences between NF-E2 and GATA-1 deficient mice in terms of their brittle and ductile
behaviors. For example, it is possible that alterations in collagen may account for the
observed differences.

In an attempt to clarify these findings further and because no differences in biochemical or
mineral properties were observed between NF-E2 deficient and control mice, we then
examined the X-ray diffraction patterns of GATA-1 deficient and control bones. As
summarized in Table 4, X-ray diffraction patterns of the bone powders from the respective
proximal and distal end portions or midshafts of femurs and tibiae from GATA and control
animals were consistent with those of a poorly crystalline apatite. As a correlate of average
crystal size, peak widths of the apatite 002 X-ray spectral reflection were not significantly
different for all the bone mineral powders examined. Thus, although X-ray crystallography
demonstrated that both C57BL/6 control and GATA-1 deficient mouse bones are poorly
crystalline compared to a highly crystalline standard, the result that no distinguishable
differences were detected in the identity of the bone mineral from these two representative
specimens suggests that further work will be required to understand these observations.

Alternatively, it is possible that the variation in the background strain of the mice could
contribute to the observed differences. It has been demonstrated that C3H/HEJ mice have a
significant increase in both femoral BMD and femoral bone strength compared to C57BL/6J
mice (Beamer et al., 1996; Turner et al., 2001). While the GATA-1 deficient mice are on a
C57BL/6 genetic background, the NF-E2 deficient mice are on a 129/Sv genetic
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background. It is possible that differences in the genetic background could be contributing to
our observations. However, these possible factors need to be considered in relation to the
observed increase in bone volume seen in both GATA-1 and NF-E2 deficiency.

In conclusion, we have demonstrated that GATA-1 and NF-E2 deficiency results in stronger
and stiffer bones in the mice studied. In the case of GATA-1 deficiency, the increases appear
to be a result of the increased trabecular bone present in the midshaft. For NF-E2 deficiency,
it appears that the majority of the increase derives from the increase in cortical bone area
and thickness. In addition to the difference in bone composition, the mutant mice differ in
their inherent nature, whether they break in a brittle or ductile fashion. While we expected
this difference to be explained directly by alterations in mineralization, we have instead
found that a mineralization defect does not explain the biomechanical properties, a result
suggesting that further research into the material properties of these bones must be
conducted.
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Fig. 1.
Femoral geometry measured in GATA-1 deficient, NF-E2 deficient, and control mice. Mean

values for midfemoral (A) total cross-sectional area inside the periosteal envelope (CSA,
mm?2), (B) cortical and trabecular bone area within this same envelope (BA, mm?), (C)
cortical bone area (Cort BA, mm?), and (D) cortical thickness (Cort Th, um) were assessed
by UCT. Open boxes represent control bones and cross-hatched boxes represent mutant
bones (GATA-1 or NF-E2 deficient). Error bars represent the SEM (n = 9-15). *Significant
difference from respective control, P < 0.05.
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Femoral biomechanical properties for GATA-1 deficient, NF-E2 deficient, and control mice.

Mean values for midfemoral (A) peak load (N), (B) stiffness (N/mm), and (C) maximum
stress (MPa) were assessed by 3-point bending analysis. Open boxes represent control bones
and cross-hatched boxes represent mutant bones. Error bars represent the SEM (n = 9-15).
*Significant difference from respective control, P < 0.05.
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Fig. 3.

Load versus deflection curve for GATA-1 deficient, NF-E2 deficient, and control mice. The
first point is at yield, the second point is at peak, and the final point is at failure.
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Fig. 4.
Mean whole body and femoral BMD in GATA-1 deficient, NF-E2 deficient, and control

mice were assessed by peripheral DEXA. Open boxes represent control bones and cross-
hatched boxes represent mutant bones. Error bars represent the SEM (n = 9-15).
*Significant difference from respective control, P < 0.05.
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Fig. 5.
Representative X-ray diffractograms of GATA-1 deficient (A) and control (B) mouse bone

powder (black trace) compared to a synthetic inorganic hydroxyapatite of known
composition (red trace). Diffraction reflections from the powders correspond to that of a
poorly crystalline apatite (reflections are broader than those of the synthetic hydroxyapatite).
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Body weight and femur geometry for GATA-1 deficient, NF-E2 deficient, and control
mice

Type n Bodyweight (g) Femur length (mm) Total cross-sectional area

GATA-1 controls 9 25.4+1.0 15.8+0.5 1.71+0.03

GATA-1 -/- 13 25.4+0.5 15.5+0.7 1.73+0.03

NF-E2 controls 15 23.6+0.8 16.3+0.6 1.48+0.03

NF-E2 -/- 9 24.0+0.8 16.1+0.3 1.43+0.06

Data are presented as mean + SEM.

*
No significant differences were detected.
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Table 4
Peak width measurements for GATA-1 deficient and control bone powders
Specimen  Width at 002 half maximum intensity (degrees 26)
BFES 0.443
BFE9 0.423
BFM8 0.616
BFM9 0.440
BTES8 0.371
BTE9 0.393
BTMS8 0.417
BTM9 0.419
GFE7 0.420
GFES8 0.291
GFM7 0.398
GFM8 0.414
GTE7 0.374
GTES8 0.407
GTM7 0.492
GTM8 0.392

Page 19

Key to specimens: Control mice (B), GATA-1 deficient mice (G), femur (F), tibia (T), proximal and distal end portions of bone (E), midshaft of
bone (M). Numbers 7-9 identify individual mice.
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